The objective of this study was to evaluate the in situ degradability of dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and hemicellulose of elephant grass (Pennisetum purpureum, Schum.) with increasing levels (0; 35.0; 70.0, 105.0, and 140.0 g kg -1 ) of dried pineapple (Ananas comosus, L.) byproduct (DPBP). The experimental silos consisted of plastic drums with 210 L capacity. After weighing and homogenizing the elephant grass with the DPBP, the material was inserted in the silos (126 kg silage, at a density of 600 kg m -3 ) and compressed. After 45 days of ensilage, silos were opened and samples of the silages were collected for the trial. The study of degradability in situ was conducted using a rumen-fistulated steer. The animal was fed with corn silage supplemented with 1 kg concentrate daily. Five levels of addition of the byproduct were tested, with three replicates and five times of incubation with an animal. The experimental design was completely randomized with split plots, in which the proportions of DPBP were the treatments (plots), the different silos were the replicates, and the incubation times were the subplots. The levels of inclusion of DPBP provided an increase (P<0.05) in disappearance of DM and CP and in the effective degradability of DM, NDF, ADF and hemicellulose. The dried pineapple byproduct is a potential alternative to be used as additive in the ensilage of elephant grass, as it provides an increase in the rumen degradability parameters. Key words: Agroindustrial waste. Digestibility. In situ degradation. Intake. Rumen. 
Introduction
The use of elephant grass (Pennisetum purpureum, Schum) for silage making is strategic because of the seasonal production of forage in tropical regions. However, in the ideal developmental stage for ensilage, three factors limit the production of goodquality silage: the low soluble-carbohydrate content, the high buffer capacity, and the high moisture content (FERRARI JÚNIOR; LAVEZZO, 2001) . Corsi et al. (2001) suggested that in order to obtain grass silage of satisfactory quality and reduced losses, these restrictions should be corrected by the addition of sugars and an increase in dry matter contents.
Inclusion of additives, with absorbent properties, increases the dry matter content, ensuring better conditions for desirable fermentations (EVANGELISTA et al., 2000) . Besides, the inclusion of soluble-carbohydrate sources improves the fermentation process, making the silage of tropical grasses a feed of adequate nutritional value (FERRARI JÚNIOR; LAVEZZO, 2001) . Ferreira et al. (2007) found that including dried pineapple byproduct improved the fermentation process and the nutritional characteristics of elephant grass silage, highlighting its potential as an additive.
The industrialization of fruits for juice or pulp production generates byproducts with a high potential to be used in ruminant feeding. The use of agroindustrial waste has become an attractive alternative for animal nutrition in fruit-growing regions, given the quality of ingredients and their low cost. The waste obtained from the industrial processing or the discarded fruits are not used much in animal feeding, and studies on their nutritional values and modes of use are very rare. One of the ways to preserve this waste from tropical fruits is ensilage (LLANO et al., 2008; HERRERA et al. 2009 ).
The processing of pineapple (Ananas comosus L.) in the industries generates waste like skin, crown, shoots, ground fruit parts, and pulp. The composition may change according to the quality and variety of the fruit. The good nutritive value of pineapple waste is because of its organic matter constitution, consisting mostly of fibrous and soluble carbohydrates, despite the low crude protein content (UPADHYAY et al., 2010) .
In situ degradability of elephant grass ensiled with increasing levels of pineapple agro-industrial by-product
In this scenario, the objective of this study was to evaluate the in situ degradability of elephant grass silage with increasing levels of dried pineapple byproduct.
Material and Methods
Five levels of inclusion of dried pineapple byproduct (DPBP) were used in the ensilage of the elephant grass (0; 35.0; 70.0; 105.0 and 140.0 g kg -1 , as fed), which was harvested manually at approximately 70 days of growth and processed through a conventional forage shredder machine to a particle size of 1 to 2 cm (Tables 1 and 2 ). Later, the chopped grass was mixed with the DPBP, which was acquired from the processing of the fruit for the extraction of juice and pulp at the company MAISA, located in Mossoro-RN, Brazil. The byproduct was composed basically of the pineapple skin and pulp resulting from the processing. The material was dried in the sun on a cemented floor for 48 h, scattered in layers of approximately 7 cm in thickness, and turned over at least three times daily until it reached 130.0 to 160.0 g kg -1 moisture. At night, the material was piled and covered with canvass to avoid accumulation of moisture.
The experimental silos were made of plastic drums with 210 L capacity in four replicates. The material was manually mixed to homogeneity. After weighing and homogenizing the elephant grass with the DPBP, the material was inserted in the silos (126 kg silage, at a density of 600 kg m -3 ) and compressed. After the silos were filled up, they were closed with plastic canvas secured with rubber bands.
After 45 days of ensilage, silos were opened and samples of the silages were collected for the trial. Samples were pre-dried in a forcedventilation oven at 60ºC for 72 h, processed in a knife mill with 5 mm sieve, and homogenized for later incubation. The in situ degradability study was conducted using a rumen-fistulated steer (TOMICH; SAMPAIO, 2004) . The animal was fed corn silage supplemented with 1 kg concentrate daily, at 07h00 and 16h00.
Five levels of addition of the byproduct were tested, with three replicates and five times of incubation. The experimental design was completely randomized, with split-plots, in which the proportions of DPBP were the treatments (plots), the different silos were the replicates, and the incubation times were the sub-plots.
The feeds were incubated in 9 × 20 cm nylon bags with 50-μm porosity containing 10 g of the pre-dried material. Bags were introduced in the rumen at 08h00 and removed in sequential order at 6; 24; 48 and 96 h, and then washed manually in running water. To determine zero time (t = 0), three nylon bags were used per treatment with the same amount of sample utilized for the other incubation times; these were sealed and washed manually in the same manner as the other times.
Afterwards, they were dried in a forced-air oven at 60ºC and weighed, and samples were analyzed to determine dry matter (DM) (AOAC, 1990) and crude protein (CP) (AOAC, 1990) . The levels of neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicellulose, cellulose and lignin were determined in accordance with the Van Soest et al. (1991) . Concentrations of NDF were analyzed using 1 g of sample treated with heat-stable alphaamylase and solubilized with 100 mL of neutral detergent solution and expressed without correction for residual nitrogen and ash. The levels of ADF were determined through sequential method and expressed without correction for residual nitrogen and ash. The levels of lignin were determined using solubilization of cellulose with sulfuric acid (72% H 2 SO 4 ) according to Van Soest et al. (1991) . The neutral (NDIN) and acid (ADIN) detergent insoluble nitrogen contents were determined according to methodologies described by Licitra et al. (1996) .
The model was evaluated by Akaike's information criterion (AIC), as follows:AIC = -2lnL + 2 (p + 1),in which, L is the likelihood function; n is the sample size; and p is the number of free parameters of the model. Means were compared and coefficients of the model proposed by Ørskov and McDonald (1979) were determined on SAS software (Statistical Analysis System, version 9.2). After determining the model parameters, the effective degradability (ED) was estimated by adopting the rumen passage rates of 0.02; 0.05 and 0.08 h -1 (McDONALD, 1981) .
Results and Discussion
The disappearance of DM and CP of treatments increased linearly with the duration of ruminal incubation (Table 3 ). An effect (P<0.05) of incubation time and addition of DPBP was observed on the disappearance of DM from the silages ( Table  3 ). The soluble fractions ranged from 194.3 to 240.1 g kg -1 among the evaluated treatments.
Regarding the effect of incubation period, all silages displayed increasing values (P<0.05) for DM disappearance until 96 h. At all studied times, the silages with 140.0 g kg -1 DPBP as fed showed higher (P<0.05) DM disappearance values than those observed in the silage made exclusively with elephant grass and with addition of 35.0 and 70.0 g kg -1 DPBP as fed.
During the time interval of 6 to 48 h of incubation, the DM disappearance values were higher in the silages with 140.0 g kg -1
DPBP as fed as compared with the exclusive elephant grass silages. Silage values leveled off at 96 h. 1 DPBP -byproduct from dried pineapple. * -significant at 1% probability level by t test. ns -not significant at 5% probability level by t test. R 2 -coefficient of determination. Coefficient of experimental variation (CV) of dry matter = 1.59% and of crude protein = 6.1%.
The observed DM disappearance values (Table  3) are rather high for fibrous feeds with a low level of soluble carbohydrate, especially because a good part of these compounds is consumed during the ensilage process. Therefore, these values seem to result from the loss of particles from the pores of the nylon bags in the moment of washing. Working with the addition of byproduct from the annatto industry, Rêgo et al. (2010) observed an increase in DM disappearance up to the level of 133.7 g kg -1
DM of addition of the byproduct to the ensilage of elephant grass for 48 h of incubation, which is close to that observed in the present study.
As regards the incubation period, it is believed that at 96 h, the silages had already reached maximum DM disappearance. Sampaio (1994) recommended the incubation time of 96 h for in situ rumen evaluation studies of roughages, considering that up to this time, changes can be detected in the degradability of the material. The higher DM disappearance values (P<0.05) observed at 6 and 48 h in the silages with addition of 140.0 g kg -1 DPBP must be related to the increased amount of soluble material in the silages, since reductions were detected in the NDF, ADF, cellulose and lignin contents with addition of DPBP (Table 2) . This difference in the fibrous fractions may influence DM intake, because the rumen fill is a limiting factor to feed intake, and it is negatively correlated with NDF ( VAN SOEST, 1994) .
Unlike the results recorded in the present study, in which greater DM disappearance values were found in the silages with increase in the levels of addition of DPBP, Rogério (2005) observed that only at the incubation time of 6 h did the pineapple byproduct show higher DM disappearance values (346.4 g kg -1 DM) than elephant grass (302.7 g kg -1 DM), stabilizing at 12 h and 24 h of incubation, while the elephant grass displayed increasing values until 96 h. However, at 96 h, both feeds showed the highest DM disappearance rate (592.8 and 687.9 g kg -1 DM, respectively). According to the author, this response is related to the nutritional characteristics of the evaluated elephant grass compared with the pineapple byproduct. Nevertheless, in the present study, the DPBP showed a better nutritional value, with a lower fraction of cell wall components than the elephant grass (Tables 1 and 2 ).
In determining the disappearance of CP, it was found that both the incubation time and the levels of addition of DPBP to the ensilage of elephant grass interfered (P<0.05) with the disappearance of CP, with increasing values for all levels of addition of the byproduct (Table 3) . DPBP as fed showed a higher (P<0.05) disappearance value than the silage made with elephant grass only. At 96 h, the exclusive elephant grass silage showed a similar (P>0.05) CP disappearance value to that observed in the silage with 35 g kg -1 DPBP as fed, but lower (P>0.05) than that obtained in the silages containing 70.0; 105.0 and 140.0 g kg -1 DPBP as fed.
The higher (P<0.05) CP disappearance values (Table 3) in the silages containing 70.0; 105.0 and 140.0 g kg -1 DPBP as fed as compared with the exclusive elephant grass silage may be related to the increase in the CP contents of the silages in which the byproduct was included (Table 2) . Habib et al. (2013) stated that many studies have shown that the rumen CP degradation kinetics of highprotein byproducts are strongly affected by intrinsic variation in feedstuffs, e.g., plant cultivars, growing conditions, and processing methods, and extrinsic factors, such as bag pore size and substrate particle size.
Evaluating the pineapple byproduct, Rogério (2005) cited that the disappearance of CP from the byproduct increased to 135.8 g kg -1 from 6 to 12 h of incubation, showing lowest degradation at 24 h, and then increased again to 148.2 g kg -1 at 48 h, with the greatest disappearance observed at 96 h (731.1 g kg -1 ). In a comparison with elephant grass, the author noted that the CP disappearance values were always increasing, and higher than the pineapple byproduct. These results differ from the response observed in the current study, in which higher CP disappearance rates were founds in the silage with substitution of the elephant grass for DPBP. This response can be attributed to the higher CP content and lower concentration of ADIN in DPBP as compared with elephant grass. However, Rogério (2005) , as previously mentioned, utilized elephant grass of lower nutritional value, which explains the higher disappearance rates of this grass in relation to the pineapple byproduct. Pereira et al. (2009) evaluated cashew, pineapple and acerola (Malpighia emarginata) wastes and concluded that these wastes are characterized as good sources of NDIN, which would provide a greater flow of amino acids into the intestine, since this fraction is slowly degraded in the rumen and thus has a high escape rate. However, this was not observed in the present study. Habib et al. (2013) stated that many studies have shown that the rumen CP degradation kinetics of high-protein byproducts are strongly affected by intrinsic variation in feedstuffs, e.g., plant cultivars, growing conditions, and processing methods, and extrinsic factors, such as bag pore size and substrate particle size.
The disappearance of NDF, ADF and hemicellulose of treatments increased linearly with the duration of ruminal incubation (Table 3) , with the exception for hemicellulose with 105.0 g kg -1 DPBP as fed (P>0.05). With regard to the effect of the addition of DPBP on the disappearance of NDF at each incubation time, it was observed that the silages with 140.0 g kg -1 DPBP as fed showed higher (P<0.05) NDF disappearance values than the silages containing elephant grass alone, except for the incubation time of 96 h, at which the exclusive elephant grass silages had higher (P<0.05) values than the others (Table 4) . 1 DPBP -byproduct from dried pineapple. * -significant at 1% probability level by t test. ns -not significant at 5% probability level by t test. R 2 -coefficient of determination. Coefficient of experimental variation (CV) of Neutral detergent fiber = 8.77%, Acid detergent fiber = 9.41% and of Hemicellulose = 2.86%.
Regarding the effect of addition of DPBP on the disappearance of NDF, it is likely that the better nutritive value, provided by the increased CP content, benefited the disappearance of the fibrous portion of these silages as compared with the exclusive elephant grass silages (Table  2 ). According to Krause et al. (2013) , there is a cooperation between microorganisms in the rumen, for example, proteolytic and cellulolytic bacteria, and this synergism might have taken place in the silage with the highest DPBP content (140.0 kg -1 as fed). However, only after 24 h of incubation was it possible to observe an increase in the NDF disappearance of the silages, which may be attributed to the fiber quality. Rogério (2005) observed that the pineapple byproduct took a longer time to show differences in the degradation of NDF, as a function of the incubation times, and at 48 h and 96 h (357.5 and 475.5 g kg -1 ), the disappearance values were lower than those found for the elephant grass (466.0 and 616.3 g kg -1 ). Studying the addition of annatto byproduct in elephant grass silage, Rêgo et al. (2010) found that the disappearance of NDF at 96 h of incubation increased up to 16% of addition.
The ADF disappearance values followed the same trend as that obtained for NDF disappearance, i.e., only after 24 h of incubation was there an increase (P<0.05) in the disappearance of ADF (Table 4) . The ADF disappearance values followed the same trend observed for the disappearance of NDF, i.e., only after 24 h of incubation was there an increase in ADF disappearance. The increased disappearance of ADP observed with inclusion of DPBP must be related to the reduction of lignin contents with the addition of DPBP (Tables 1 and 2 ). The elevation in the proportion of this component in the fibrous fraction improves the resistance to hydrolysis by the rumen microorganisms, and the amount of this component in the matrix determines its protective ability against the cellulose degradation ( VAN SOEST, 1994) .
In the same way, Rogério (2005) observed an increase in ADF disappearance from pineapple byproduct only after 24 h of incubation. This disappearance ended at 96 h, with 451.0 and 617.0 g kg -1 for pineapple byproduct and elephant grass, respectively.
Both the incubation time and the levels of addition of DPBP to the ensilage of elephant grass influenced (P<0.05) the disappearance of hemicellulose (Table  4) . At all incubation times, the silages containing 140.0 g kg -1 DPBP as fed showed higher (P<0.05) hemicellulose disappearance values than those observed in the silage made with elephant grass only and containing 35.0 g kg -1 DPBP as fed.
Despite the higher hemicellulose values of DPBP (366.2 g kg -1 DM) in relation to the elephant grass (248.5 g kg -1 DM), hemicellulose values decreased (P<0.05) with inclusion of DPBP (Table  2) , which might have been a result of the use of this component by the lactic bacteria in the silo. It should be stressed that even with the decrease in hemicellulose concentration in the silages including DPBP, the residual hemicellulose of these silages seems to be more available or accessible to the rumen microorganisms than the hemicellulose from the exclusive elephant grass silage. This can be caused by the reduction in the concentration of lignin in the silages (Table 2) , since lignin is more strongly bound to the hemicellulose ( VAN SOEST, 1994) . Thus, it appears that the increase in the level of addition of DPBP might have facilitated the greater availability of this nutrient to the rumen microbiota. Rogério (2005) observed equivalence in the hemicellulose disappearance values in the pineapple byproduct at the incubation times of 6, 24, and 48 h. However, in this period, the values were greater than those found for the elephant grass.
The increase observed in the ED of DM (Table  5) can be explained by the reduction of the cell wall components with the addition of DPBP (Tables 1 and  2 ). These results demonstrate that when compared with the quality of the elephant grass utilized in the silages, DPBP seems to improve the availability of nutrients for the rumen microbiota.
For the rumen degradation parameters of DM (Table 5) , the increase in the levels of addition of DPBP led to an upward trend in the readily degradable fraction (a) and in the degradation rate of fraction b (c) or slowly degradable fraction. The fraction values ranged from 187.3 to 249.7 g kg -1
for the silages containing elephant grass exclusively and with addition of 105.0 g kg -1 DPBP as fed, respectively. The degradation rates of fraction b (c), however, varied from 15.7 to 26.2 g kg -1 h -1 for the silages of elephant grass only and containing 140.0 g kg -1 DPBP as fed, respectively. as fed) by the silages of pineapple industrial waste, they observed a decrease in fraction a and an increase in fraction b. Karkoodi et al. (2012) , in turn, found low values for the apparent digestibility (562.2 g kg -1 DM) and in situ degradability of DM, working with the evaluation of vegetable and fruit wastes for ruminants. The aforementioned authors concluded that these results might have been due to the high ash contents found in the byproducts.
Silages with inclusion of DPBP showed higher crude protein ED values in relation to the silage made of elephant grass exclusively, as a more likely result of the grater values of the soluble fraction (a) and the degradation rates of b (c) ( Table 5 ).
The variability in the values of a, b, and c of CP (Table 5 ) of the silages might be attributed to the characteristics of the ensiled material (chemical composition) and to the fermentation quality of the forage in the silo. Ferreira et al. (2009) evaluated the nutritional quality of DPBP and found no effects of its addition to elephant grass silage on the digestibility of CP (421.0 g kg -1 DM). These authors reported that the low CP contents of the silages, coupled with the formation of protein complexes with the fibrous components (NDIN and ADIN) , might have affected digestibility. (Table 6 ). The silages with inclusion of DPBP had similar (P>0.05) values for the soluble fraction (a) of NDF, and displayed higher (P<0.05) values than the silage with elephant grass exclusively ( Table 4) . The values found in the silages with addition of DPBP (60.9 to 75.6 g kg -1 ) can be considered high, since the fibrous fraction is mostly insoluble. This fact can be explained by the greater passage of the material through the pores of the bags during washing.
The increase observed in the effective degradability of the silages as well as in the degradation rates of fraction b (c) can be explained by the reduction of the components of the fibrous fraction (Tables 1 and 2 ). In this situation, the rate at which food leaves the rumen is an important factor in the regulation of the daily ingestion. The extent and rate of degradation of the plant tissue have a direct influence in the rate of passage through the digestive tract ( VAN SOEST, 1994) . However, , respectively (Table 6) . A lower ED of ADF in the pineapple byproduct as compared with the elephant grass was reported by Rogério (2005) , who attributed this fact to the lower degradation rates (c) (11.0 g kg -1 h -1 ) and soluble fraction (85.0 g kg -1 ) of the pineapple byproduct in relation to elephant grass (21.0 g kg The soluble fraction (a) increased substantially, fostering the increase in ED of hemicellulose in the silages with inclusion of DPBP, which varied, respectively, from 342.0 to 583.0 g kg -1 for the passage rates of 0.08 to 0.02 h -1 (Table 6 ).
The soluble fraction increased substantially, fostering the increase in the ED of hemicellulose of the silages with addition of DPBP (Table 4) , which corroborates Rogério (2005) , who reported higher rates for the soluble fraction of the pineapple byproduct (243.4 g kg -1 ) compared with elephant grass (8.1 g kg -1
), and likewise for the ED of hemicellulose.
Conclusions
Dried pineapple byproduct is a potential alternative to be used as additive in the ensilage of elephant grass, as it provides an increase in the rumen degradability parameters at up to the inclusion level of 140 g kg -1 as fed.
